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By Robert S. Swanson and Clarence L. Gillis
SUHMMARY

Hinge-moment parameters for several typical ailerons
were calculated from section data with the agpect-ratio
correction as usually determined from lifting-line theory.
The calculations showed that the agreement between ex-
Perimental and calculated results was unsatisfaciory. An
additional aspect-ratio correction, calculated by the
method of lifting-surface theory, was applied to the
slope of the curve of hinge-moment coefficient against
argle of attack at small ‘angles of attack. This so-
called streamline-curvature correction brought the cal-
culated and -experimental results into satisfactory agree-—
menv.,

INTRODUCTION

The present report is one of a group being prepared
by the NACA to present in compact form collections and
analyses of lateral-control data. References 1 to 4 are
varts of this group that have already been completed.

The purpose of the present investigation is to evaly
uate the limitations of lifting-line theory in determin-
ing the aspect-~ratio correction uwsually applied in the
computation of aileron hinge-moment characteristics. The
results are presented for the few cases in which section
and finite~span experimental data are most nearly com-
paradble, .

The experimental data are used to check an additional
aspect-ratio correction, called the streamline-curvabture
correction, which was determined from lifting-surface




theory. Thie mdditional correction 1s used to estimate
the slope of the curve of hinge-moment coefficlent against
angle of attack at small angles of attack,

.

SYMBOLS

Cy, 1ift coefficlient

Gh hinge-moment coefficlent

c3 section 1lift coeffliclient

ey additional 1ift coefficlent at a section caused by
1 an angle-of-attack change over wirg (denoted by

¢}, 1in reference 6)

Ch section hinge~moment coefficlent

A aspect ratio

b wing span

by alleron span

c wing ohord

Ca elleron chord

Cg root-mean~square alleron chord

a angle of attack, degrees

aa alleron deflection, degrees

. dc;/ 08

o effectivenese parameter ———Z———E

08 4 bc;/ba

y dlatance along span axls

o0

—— local 11ft parameter used to determine sectlion
Cgla - 1ift for an aileron deflection (reference 6)

Yo spenwise location of outboard end of ailleron




7 epanwlee location of inboard end of alleron

A taper ratlo; ratlio of tip chord to root chord

-8 ratio of wing chord at plane of symmetry to wing
o ohord at any section

METHOD OF CALCULATING AILERON HINGE

MOMBNTS FROM LIFTING-LINE THEORY

The total hinge-moment coefficlent of an alleron 1is
vobtalned by a spanwise intcegration of the experimental
section hinge-moment cocefflcients at each sectlon for a
fixed alleron deflection and for an angle of attack that
corresponds to the geometrlc angle minus the induced
angle caugsed by the downwarh,

The downwash at each point along the span is deter-
mined, in lifting-lino theory, from the fundamental
agsunptlon that it 1s equal to one~half the value ocal-
culated for a point infinitely far downstream. This
value of the downwash divided by the free—~stream veloclty
le ueed as en increment of angle of attack to correat the
section data.

In order to obtain the variation of the induced angle
of attack acroess the span from the corresponding section
1ift coefficlents, the span loading caused by an angle-
of-attack change and the span loadling resulting from an
alileron deflaction mugt be known. These load ourves,
which can be obtained from references 5 and 6, were com-
puted from 1ifting-line theory and apoly to wings with
rounded tips. Yor winge with square tips, the load
curves may be slightly modifled. Span-load curves for
wings or allerons of other plan forms may be calaulated
by the procedure given 1n reference 7.

An alternate method, which is considerably shurter
than the one Jjust described, is %o use the lifting-line~
theory factors with the slopes of the hinge-moment-
coefflolent curvep rather than with the actual hinge-
moment coefflclents at each angle of attack and alleron
deflection. The sectlion hinge-moment parameters may
then be summed acrose the alleron to glve the total
hinge-moment parametera as follows?
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The values of c;l/GL obtained from reference 5, are for

the loadirg due to change in angle of attack; whereas the

c3iC
values of cla' obtained from the influence lines of
8
reference 6, are for the loading caused by aileron deflec-
tion,

DATA

The geometric characteristics of the wings and
allerons, which were terted as reflection-plane modele
in the ILMAL 7~ by 10-foot tunnel, are given in table I,
The aection data used for the computations were obtained
from tests in the LMAL 7~ by 10-foot tunnel and the NACA
4~ by 6~foot vertical tunnel (reference 8 and unpublished).
These data were used because the model constructlion fea-
tures and the air-flow conditions are very similar in the
two tunnele, ©No correctlons for tunnel-wall effect had
been eppllied to the hinge-moment coefficients In refer-
ence 8., These corrections were computed and applied, by
the methods of reference 9, before the sectlion data were
ueed for the calculations of the present investigation.
Tunnel-wall corrections were also applied to the results
O0f the tests of reflectlon-plane models. The computa-—
tions were made only for sealed unbalanced allerons
because that arrangement presented the minimum number of
varlables and because the avallable sectlon data were
moast nearly comparable.



The eectlion and finite-gpen hinge-moment parameters
are given in table II. No values of (dCh/da)q=q0° are

included for allerons D and E because the data are
¢congldered unreliable. The tests were run at only a few
rather widely separated angles of attack. The curves
were nonlinear; conseguently, the messured values of
(30n/3a)q=q® are questionable.

DISCUSSIOR OF LIMITATIONS OF

LITTING-LINE THEORY

The values of the hinge-moment parameters calculated
from lifting-line theory and obtalned experimentelly are
ghoyn 1n table II, It will be noted that in all cases
the parameters caloulated from lifting-line theory are
more negative than the experimental values., The calcu-
lated values of (ach/am)a=oo are only about half way

between the section values and the experimental values;
and the calculated values of 30,/d8, are only about

one~fourth the way between sectlion and experimental
values. Bffects other than that taken care of by the
lifting-line correction must therefore be exceedingly
important.

A preliminary investigation was started to examlne
the limitationas of lifting-line theory. The liftling-
surface~theory cesloulations in reference 10 showed that
the digtribution of 1i1ft assumed by lifting-line theory
induces a downwash which is not constant along the wing
chord, as is 1mplied by the amassumptions upon which
l11fting-line theory 1e based., The wing must thus be
cambered by the amount of the curvature of the strean-
lines in order to eustaln the load assumed by lifting-
line theory. 3Becauss the wing shape is flxed for thies
case, an additionsl logd that is.not accounted for by
lifting-line theory muet be acting on the - wing. The
directlon and magnitude of this gadditional 1l0ad, which
resulte from the stresmline curvature, causes a large
decrease in the alleron hinge moments. It may be
reasonably assumed that the curvature of the streamlines
is approximately ecircular. Formulgs for the correo-
tions to the hinge-moment coefficlents for circularly
curved streamllines are presented in reference 9,




Some computations have been made by Cohen (refer-
ence 10 and unpublished) of the emount of streamline
curvature for elliptical wings of aspect ratios 3 and 6.
The theoretical hinge-moment corrections for streamline
curvature A(d3Cn/da a=0® fOr these wings were calculated

by the methods of reference 9 and are presented 1n figure 1,
The experimental values of the corrections for models 4,

B, and C are aleo presented in figure 1, along with the
interpolated values of the theoretical corrections for

each of the particular models. The theoretical and ex-
perimental streamline~curvature correctlons are in good
agreement; ln fact, the agreement is gsomewhat better than
might be expected in view of the following considerations:

(1) In reference 10, the downwash was calculated
for elliptical wings.

(2) The assumptlon of circular camber may not be
' Justified.

(3) The hinge-moment corrections for circular camber
pregsented in reference 9 were based on thin-
alrfoll theory, and no account waes thus taken
of wlng thickness or of the effects of vie-
coglty.

The effects of viscoslty in reducing the computed cor-
rectlons are, however, partly counteracted by the effect
of airfoll thickness in increasling the correctlions. 4n
examination of some experimental pressure distributions
of cambered airfolls at an angle of attack of 0% 1indi-
cates tkat the hirge-moment corrections of raference 9
may be about 10 percent t0o large for the airfoils and
allerons considered in the present report,

The effects of viscosity in reducing the magnitude
of the calculated hlnge-~moment corrections are smaller
for changes in circular camber than for changes in angle
of attack because the pressure gradient 1s less adversely
affected. The streamline-curvature correction i1s there-
fore more accurately applled as an increment correctlon,
as done hereln, than as a percentsge correction (percent
of the thin-airfoil-theory values).

The streamline-curvature corrections presented in
figure 1 were determined for small angles of attack. The
effect of the vertical spacing and inclination of the
tralling vortices must be oconsidered in order to obtain a



nonlinear wing theory (reference 1l1) which may account
for the fact that greater values of 30p/da are usuelly

obtained at high angles of attack (even though the sec-
tion hinge-moment curves are very nearly linqar) than at
low angleh of attack,

Further solutiones by the methods of lifting-~surface
theory are necessary to determine numerical values of the
corrections to the hinge-moment charascterlistice for vari-
ous plan forms, alleron arrangements, and high angles of
attack., Until these solutions have been found, it le
gsuggosted that an ardbltrary streamline-curvature correoc-
tion of about the magnitude-given 1in flgure 1 be applled
to (30,/3a)g=p® and that a correction of about the mag-

nitude indicated by the data of table II be applied to
36y, /28,. :

CONCLUDING REMARKS

The calculatione of the present investigetion indi-
cated that lifting-line theory 18 1lnadequate for deter-
mining aileron hinge moments from gectlion data. The
limitatlions of 1ifting~line theory have been examined and
it 18 believed that the use of lifting-surface theory
wlll largely account for the differences between the ex-—
perimental and calculated reaults, provided account 1ls
taken of the vertical spacing and incliaation of the
trelling vortices. The theoretical streamline-curvature
correction calculated for elliptical winges and given here-
in 18 recommended for use in determining the slipe of the
curve of hinge-moment coefflclent aganinst angle of attack
at emall angles of attaok,

Langley Memorlal Aeronautical Laboratory,
National Adviasory Committee for Aeronautics,
Langley Field, Va.
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TABLE I.— GEOMETRIC CHARACTERISTICS OF WINGS AND AlEROMS

CESEDL IN FPRESENT INVESTIGAT/ON

!

VOVN

. foil S
Mode/| Fan form of surfoce | Typrcal aileran section Airtol section A A |Reference
Kool Tip
' m"’l NAC A NACA
A £30/1855 | 23008.5. | 56 | Q60 /3
@pprox) | @pprox) _.
8 WNACA /ow drag S7 | QIZ Whpudiished
¢ NACA low drag 8./ | 049 |thpusished
0 ! NACA 23012 40 | 100 <
) I T
{
4= = [ h/fc >
£ S—— i D — NACA 23072 40 | 100 | =
| |
,t»\z?f- 624 > ﬁ,k> .




TABLE II

HINGE-MOMENT PARAMETERS

0 aC,,
Finlte-span data {|—— Finlte-span data YN
Section 0a/ g0 Section Oq
yodel | Antd Calculated |Calculated data e iculated
®n from with dcy, from
3&" 11 fting- correction | Experimental Y 11 fting- | Experimental
a=0° line from e line
theory fig. 1 theory
A -0.0035 -0.0023 -0.0011 -0.0013% -0.0100 | -0.0093% ~0.0070
B -.0040 -.0031 -.0023 -.0022 -.0110 -.0102 -.0070
c -.0058 -.0049 -.0042 -.0042 -.0108 | -.0097 -.0075
D | =eeceec | cmcemee | emmacee | eeeeae- -.0098 ~-.0085 -.0049
E ---------------------------- _-0089 -00081 -.0055
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